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Cross Reference to Related Applications / 

This application claims the priority benefit of Taiwan application serial no. 91 1 05036, 
filed March 18, 2002. 

Background of Invention 

[0001] Field of Invention 

[0002] The present invention generally relates to a color adjustment device and method, 
and more particularly, to a color adjustment device and method for the plasma display 
panel. 

[0003] Description of Related Art 

[0004] Generally speaking, display devices can be divided into two categories, one is the 
display using the cathode ray tube, the other is the flat panel display. Since the flat 
panel display is lighter, thinner and easier to carry compared to the display using the 
cathode ray tube, and the consumed power is much less than the display using the 
cathode ray tube, the flat panel display has started to replace the display using the 
cathode ray tube and is gradually becoming the user favorite. 

[0005] 

Familiar flat panel displays in the current market are the liquid crystal display 
(LCD) and the plasma display panel (PDP). Since the plasma display panel can be 
manufactured as a big area display panel, it is commonly used as a television display 
interface. However, the color expression and the brightness ratio of the red, green, 
blue tricolor fluorescence used by the plasma display panel are variant, and do not 
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accord with the NTSC specification that is commonly used by the television signals. 
Therefore, the plasma display panel can not truly express the real color that the video 
intends to present when it receives the video signals. Therefore, in order to have the 
plasma display panel express the accurate color, it is necessary to adequately adjust 
the gain value of each primitive color. For example, if the plasma display panel having 
the characteristics as shown in following table 1 is used to display a white color signal 
that accords with the NTSC specification, the color displayed by the plasma display 
panel has a difference, as shown in table 2, when compared to the color of the 
original white color signal. 

[0006] 



The ratio of each primitive color has a great probability of being a non-integer ratio. For 
example, if the plasma display panel having the characteristics as shown in table 1 is used to 
display the white color signal having the Red gray scale : Green gray scale : Blue gray scale = 
1 : 1 : 1 , the signal ratio has to be adjusted to Red gray scale : Green gray scale : Blue gray 
scale = 1 : 0.88 : 0.985, so that the white color light that accords with the NTSC specification 
as shown in table 2 can be obtained. However, the pattern generator that is generally used 
only performs the input and output of the gray scale value for the integer, and can not deal 
with the input and output of the gray scale in the decimal portion. Therefore, in the prior art, 
when the display is adjusted, the decimal portion of the gray scale value can only be 
processed by the truncation or the carry method, so that the closest color can be chosen for 
further processing. Since the precision of the gray scale in the decimal portion is lost, the 
precise adjustment result can not be obtained, 
[tl] 
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Table I 





X 


Y 


Y(cd/m 2 ) 


Red 


0.636 


0.352 


129 


Green 


0.236 


0.705 


269 


Blue 


0.163 


0.091 


59 



Table 2 





X 


y 


Color 
Temperature (K) 


Color Distortion (duv) 


NTSC (White) 


0.31 


0.316 


6500 


0 


Plasma Display 
Panel Color 


0.307 


0.328 


6820 


0.006 



5 



Note: x, y is the color coordinate of CIE 



Summary of Invention 

[0007] 

The present invention provides a color adjustment device and method for the 
plasma display panel. The input value of the gray scale is converted to a gray scale 
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value having a bigger number, then these gray scale figures are used to adjust a 
brightness output error that is within a predetermined range by using an error 
diffusion method. With this, the color of the plasma display panel can be adjusted 
according to the variant parameters that are predetermined in advance, so that the 
variant precisions can be obtained and the color expression of the plasma display 
panel can be improved. 

[0008] The present invention provides a color adjustment device for the plasma display 
panel. The color adjustment device comprises a Look Up Table (LUT) and an Error 
Diffusion Circuit. Wherein, the look up table stores a plurality of gray scale data, and 
extracts one corresponding data from these gray scale data as an output according to 
the received gray scale input value. The error diffusion circuit receives the gray scale 
data output from the look up table, and achieves the objective of improving the 
precision of the color adjustment by using the error diffusion compensation method. 

[0009] In a preferred embodiment of the present invention, the error diffusion circuit 

mentioned above consists of at least an operation and discriminance unit, an adder, a 
multiplier, a subtractor, and an error value provision device. Wherein, the error value 
provision device provides an error value to the adder, so that the gray scale data 
provided by the look up table and this error value can perform an add operation in the 
adder. The result of the add operation from the adder is output to the operation and 
discriminance unit, the operation and discriminance unit divides the received data by 
a predetermined value to obtain a quotient, and finally outputs the integer portion of 
this quotient. The multiplier multiplies the integer portion of the quotient by the 
predetermined value mentioned above and outputs the result. The subtractor receives 
the output from the multiplier, subtracts the output of the multiplier from the first 
data. Afterwards, the subtractor outputs the data after the subtraction to the error 
value provision device. 



In the other embodiment of the present invention, the error value provision device 
mentioned above comprises a memory device and a weighting element. Wherein, the 
memory device stores the data output from the subtractor, and outputs a portion of 
stored data that corresponds to the pixel related to the next display pixel. The 
weighting element performs a weighting operation onto the data output from the 
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memory device to obtain the error value mentioned above and provides the error 



value to the adder. 



[0011] 



Moreover, the present invention further provides a color adjustment method for 



the plasma display panel. In the color adjustment method disclosed by the present 
invention, at first, after receiving a gray scale input value of an integer, magnifying the 
gray scale input value to a corresponding gray scale data. In the further error diffusion 
adjustment, the gray scale data is used to adjust a brightness display that is within a 
specific range. Wherein, the gray scale input value has a one-to-one relationship with 
the gray scale data. If the gray scale data has N integers and the brightness range to 
be adjusted has M integers, then N>M. 

[001 2] In a preferred embodiment of the present invention, the gray scale input value 
differs from the corresponding gray scale data by a predetermined integer value. In 
another preferred embodiment of the present invention, this relationship can be 
implemented by a build-in look up table. Moreover, in a further preferred 
embodiment of the present invention, the process to adjust the brightness display 
according to the gray scale data mentioned above comprises the following steps: 
obtaining an error value that is given by the error store value contiguous to the pixel 
multiplied by the weighting value. Afterwards, the summation of the gray scale data 
and the error value is divided by a predetermined value to obtain an integer portion of 
the quotient from this division operation. The integer portion is used as the 
brightness for the display. On the other hand, the integer portion of the quotient from 
this division operation is multiplied by the predetermined value, and then is 
subtracted from the gray scale data, and the result of the subtraction operation is 
subsequently saved. The value is the error store value of the pixel that currently 
displays. 



In summary, the present invention adjusts the color precision by using the gray 
scale data and the brightness that have two different value ranges. Since the value 
range of the gray scale data is greater than the value range of the brightness, when 
the gray scale data is converted into the brightness, although only the integer portion 
can be output normally onto the pixel, the decimal portion that is obtained from the 
conversion process can also be added onto the display of the pixel contiguous to the 
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pixel by using the error diffusion method. Therefore, under an even effect of the 
pixels having enough large area, the color precision is more precise than the one in 
the prior art that only uses the integer portion. Moreover, the color expression of the 
display adjusted by the present method is much better than the one in the prior art. 

Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and together with the description, 
serve to explain the principles of the invention. In the drawings, 

[001 5] FIG. 1 schematically shows a circuit block diagram of a preferred embodiment 
according to the present invention; 

[0016] FIG. 2 schematically shows a circuit block diagram of an error provision device of 
another preferred embodiment according to the present invention; 

[001 7] FIG. 3 schematically shows a flow chart of the operation steps of a further 
preferred embodiment according to the present invention; and 

[001 8] FIG. 4 schematically shows a sketch map of the pixel arrangement on the screen. 

Detailed Description 

[0019] 

FIG. 1 schematically shows a circuit block diagram of a preferred embodiment 
according to the present invention. The color adjustment device 10 provided by the 
present embodiment comprises a Look Up Table (LUT) 1 00 and an Error Diffusion 
circuit 1 20. The LUT 1 00 provides a corresponding look up table to each of the three 
primitive colors, respectively Red LUT 102, Green LUT 104, and Blue LUT 106. The Red 
gray scale input value, the Green gray scale input value, and the Blue gray scale input 
value are input into the LUT 1 00 from the input terminal 12,14 and 1 6 respectively. 
The corresponding gray scale value is found in Red LUT 1 02, Green LUT 1 04, and Blue 
LUT 106 respectively, and is subsequently output to the error diffusion circuit 120. To 
be noted, although the LUT 1 00 in the present embodiment only has one output 
signal for outputting the gray scale value to the error diffusion circuit 120, this does 
not serve as the essential limitation condition to the present invention. It is known by 
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[0020] 



[0021] 



[0022] 



[0023] 



those who are skilled in the related art that the gray scale display of three primitive 
colors can be processed in parallel. 

In present embodiment, the error diffusion circuit 1 20 comprises an adder 122, 
an operation and discriminance unit 124, a multiplier 126, a subtractor 128, and an 
error value provision device 1 30. Wherein, the adder 1 22 adds the gray scale value 
output from the LUT 1 00 to an error value output from the error value provision 
device 1 30 to obtain a value (kl), and the value kl is output to the operation and 
discriminance unit 124 and the subtractor 128 respectively. The value kl output to 
the operation and discriminance unit 124 is first divided by a predetermined value, 
and the integer portion of the quotient from the division operation is output as the 
value k2 shown in FIG. 1. In addition to being used as the brightness of the present 
pixel and to be output to the display control circuit (not shown in the diagram) of the 
display, the value k2 is also sent to the multiplier 1 26 to multiply it by the 
predetermined value that was used to divide the value kl before. The value after the 
multiplication operation of the multiplier 126 is output to the subtractor 128 to 
subtract it from the value kl , and the value after the subtraction is output to the error 
value provision device 130 as a foundation of the error value that is needed to display 
the other pixels. 

FIG. 2 schematically shows an internal circuit block diagram of an error provision 
device 1 30 of a preferred embodiment as shown in FIG. 1 . In the present embodiment, 
the error value provision device 1 30 comprises a memory device 1 32 and a weighting 
element 1 34. The memory device 1 32 receives and stores a value sent from the 
subtractor 1 28. The values stored in the memory device 1 32, after the weighting 
process of the weighting element 1 34, become error values that are provided to the 
adder 122 as mentioned above. 

The description mentioned above only provides the circuit connection method of 
the color adjustment device for the plasma display panel. In order to have those who 
are skilled in the related art have better understanding of the operation method of the 
present invention the flow chart as shown in FIG. 3 combined with the circuit shown in 
FIG. 1 and FIG. 2 are accompanied by the physical values for detailed description. 

Referring to FIG. 1 through FIG. 3, FIG. 3 schematically shows a flow chart of the 
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operation steps of a further preferred embodiment according to the present invention. 
At first, assume the gray scale input value input from the input terminal 12,14 and 1 6 
by the pattern generator is falling in 0-255. The gray scale input value input by the 
pattern generator can only be the integer due to the characteristics of the pattern 
generator. Therefore, the values needed to be stored in the LUT 100 are the 256 gray 
scale data that correspond to each of the primitive colors (Red, Green, and Blue). Since 
the process methods for each of the three primitive colors are quite similar, the only 
difference among them is that the LUT of different primitive colors may have different 
corresponding relationships. Therefore, the present embodiment only describes the 
red primitive color hereinafter for detailed description. 

[0024] Since the gray scale input value input from the input terminal 1 2 falls in 0-255, 
Red LUT 102 has to provide 256 corresponding integer values as the corresponding 
gray scale data. Here, it is assumed that the corresponding gray scale data is obtained 
by adding the gray scale input value to a value of 256. That is, the gray scale input 
value 0 corresponds to the gray scale data 256, the gray scale input value 1 
corresponds to the gray scale data 257, ... , and the gray scale input value 255 
corresponds to the gray scale data 51 1 . It is assumed that the range of the red 
brightness to be adjusted is 32-63. Since one of the objectives of the present 
invention is to enhance the color adjustment precision, the number of the integers 
included in the brightness range to be adjusted must be less than the number of 
integers included in the gray scale data, and thus the needed effect can be achieved. 

[0025] | t js assumec | t h at the red gray scale input value input from the input terminal 1 2 
is 4 (step S300), via the conversion of the Red LUT 102, the corresponding grayscale 
data is obtained as 260 (step S302). Moreover, the gray scale data (260) is output 
from LUT 1 00 to the adder 1 22 in the error diffusion circuit 1 20 to perform the add 
operation. Here it is the case for the first pixel only, since it is not necessary to 
consider the impacts caused by the display error of other pixels, the error value 
provided by the error value provision device 1 30 is 0 (step S304), and therefore the 
value kl equals to 260 (step S306). Furthermore, the gray scale data 256-51 1 is used 
to adjust the brightness with a range of 32-63. With this, when the value kl is 
operated in the operation and discriminance unit 124, the input value kl is divided by 
8, and the integer portion of the quotient after the division operation is subsequently 
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[0026] 



[0027] 



[0028] 



[0029] 



output (step S308). In the present embodiment, the quotient of the value kl (260) 
divided by 8 is 32.5, so the value k2 output from the operation and discriminance unit 
124 is the integer portion (32) of this quotient. 

The value 32 output from the operation and discriminance unit 1 24 is used as the 
brightness of the pixel that is displayed on the position of the current pixel (step 
S3 1 0), on the other hand, this value 32 is multiplied by 8 in the multiplier 1 26, and 
the value kl (260) is subtracted from the result of the multiplication operation (256) 
(step S31 2). The result of the subtraction (4) is stored in the error value provision 
device 1 30 (step S3 14). 

The description mentioned above is the case when the pixel displayed is the first 
display point. Hereinafter, FIG. 4 is merged and referred to for further description of 
the operation to display other pixels. 

FIG. 4 schematically shows a sketch map of the pixel arrangement on the screen. 
Please also refer to the circuit shown in FIG. 2 as a foundation of the description. In 
FIG. 2, the weighting element 1 34 comprises four multipliers; they are multiplier 200, 
202, 204 and 206. The value that is multiplied by these four multipliers (it is assumed 
as a, b, c and d) can be determined by those who are skilled in the related art. 
However, the summation of these values must equal to 1. Moreover, the reason for 
using the multiplier 200, 202, 204 and 206 to constitute the weighting element 1 34 is 
that the contiguous four pixels are the ones that really impact the brightness of the 
pixel currently displayed based on the consideration of the present embodiment. 

For example, when point G in FIG. 4 is to be displayed, the previously obtained 
value from the subtractor 128 when point A, B, C and F are displayed has to be 
considered(this value is called as the error store value of A, B, C and F respectively). 
Similarly, when point P in FIG. 4 is to be displayed, it is needed to obtain the error 
store value generated by displaying point H, I, J and O. A weighting operation is 
applied to these error store values by the multiplier 200, 202, 204 and 206 
respectively to determine the impact level that the contiguous pixel of each 
considered range impacts onto the pixel that is currently displayed. In the present 
embodiment, the summation of the values from the weighting operation by the 
multiplier 200, 202, 204 and 206 is the error value mentioned above. 



APP ID= 100646 13 



Page 9 of 20 



± 0 0£'**6 3. 3 - Q .7 3 3. 02 

# # 

[0030] Moreover, it has to be noted that the present invention is not limited to only 

consider the impact of four contiguous pixels. Those who are skilled in the related art 
can determine the number of the pixels as long as it is in the allowable memory 
storage range. For example, the impact of three contiguous pixels can also be 
considered, thus the weighting element 1 34 in FIG. 2 can only use three multipliers. It 
is also possible to consider the impact of five contiguous pixels. However, in such 
case the weighting element 1 34 in FIG. 2 has to use five multipliers. 

[0031] Furthermore, since the gray scale value range 256-51 1 is used to adjust the 

brightness range 32-63 in the present embodiment, the precision can approach to a 
value of 1 /8, that is the level of 0.1 25. Those who are skilled in the related art can 
modify the range of the gray scale value and the range of the brightness to be 
adjusted as they like, to achieve different levels of the precision. For example, if the 
gray scale value range 512-767 is used to adjust the brightness range 32-63, the 
precision can approach to a value of 1 / 1 6. 

[0032] In summary, the advantages of the present invention are briefly described as 

follows. The present invention uses a greater range gray scale value to adjust a less 
range brightness, and further assist with an error diffusion method, so that the 
average color of a display area can be expressed more precisely, and thus the color 
expression level of the plasma display panel can be significantly improved. 

[0033] Although the invention has been described with reference to a particular 

embodiment thereof, it will be apparent to one of the ordinary skill in the art that 
modifications to the described embodiment may be made without departing from the 
spirit of the invention. Accordingly, the scope of the invention will be defined by the 
attached claims not by the above detailed description. 
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